
CHAPTER 8 
ALTERNATIVE EVALUATIONS 

Evaluations of the alternatives discussed in Chapter 7 are based on several factors and are 
discussed here. 

A. FINISHED WATER QUALITY 

Only those treatment alternatives discussed in Chapter 7 that would result in an acceptable 
water quality were pursued to any great degree. As a result the following options were 
investigated: 

Side Channel Storage 
Supplemental Groundwater 
Ion Exchange 
Reverse Osmosis 

Each of these alternatives is capable of providing finished water with a nitrate level below the 9 
mg/l goal. The alternatives were sized based on the requirements of providing a total blended 
effluent flow of 10 mgd below the nitrate 9 mg/l goal. Therefore, each alternative would be 
capable of providing a similar nitrate concentration in the finished water. Each process, 
however, would have different effects on the constituents of the finished water as a whole. 
These points are discussed in this section. 

1. Side Channel Storage 

The side channel storage option would store low nitrate water off site until it is required 
for blending due to nitrate levels at or above the 9 mgll goal in Lake Vermilion. All other 
water quality parameters such as hardness, alkalinity, and turbidity should be relatively 
consistent with current Lake Vermilion values with the exception of synthetic organics, 
which are associated with non-point source agricultural runoff containing pesticides and 
herbicides. Periods of higher levels of synthetic organics typically correspond to periods 
of higher nitrates because they both originate from similar sources. Therefore, 
concentrations of these organics in addition to nitrate concentrations would be 
somewhat less when the side channel storage water is being utilized. CIWC worked 
previously with Daily & Associates Engineers, Inc., to investigate the feasibility of this 
alternative and their data was used to develop this information. 

2. Groundwater 

Typically, groundwater in the Danville area is relatively high in hardness, total dissolved 
solids, alkalinity and dissolved iron. If groundwater were to be blended with Lake 
Vermilion water in order to dilute the nitrate concentration to below the 9 mgll goal, there 
would be corresponding increases in hardness as well as in the other parameters. 
These constituents could be removed through the existing treatment process by making 
appropriate adjustments in chemical feed rates. The finished water quality should be 
comparable to the current finished water quality for all parameters with the exception of 
the nitrate concentration, which would decrease. 
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3. Ion Exchange 

The ion exchange process is a fundamentally different approach from the 
aforementioned alternatives in that it does not rely on a new water source that is lower in 
nrtrate concentration but rather utilizes the same source water and treats it further to 
reduce the nitrate concentration. 

The ion exchange system would be sized to treat a portion of the total plant flow such 
that the plant would be capable of producing 10 mgd of blended water with a nitrate 
concentration below 9 mgll. The ion exchange process would also remove sulfates from 
the feed water as they also exhibit’s strong affinity for the resins. The resins would 
exchange chlorides for nitrates and sulfates according to the following reaction where R 
designates the ion exchange resin: 

RCI + NaNO, + NaPSO = 2NaCI + RN03 + RS04 

Therefore, the chloride concentration of the finished water would increase by 
approximately two times. No MCL exists for chloride, but the secondary (aesthetic) 
standard for chloride is 250 mg/l to avoid a saltwater taste. The blended finished water 
should be well below this standard. 

4. Reverse Osmosis 

The reverse osmosis (RO) process would also be sized to treat only a portion of the raw 
water to maintain a blended finished water nitrate concentration below the 9 mg/l goal. 
Similar to ion exchange, the reverse osmosis unit would treat a percentage of the 
conventionally treated water from the Lake Vermilion source. As discussed in Chapter 7 
of this report RO is capable of removing all but the smallest molecular compounds. RO 
is especially suited to remove long chained organic molecules such as atrazine, simizine 
and cynazine, which have been found in small amounts in Lake Vermilion sourcewater. 
In addition to removal of these compounds, other organics that may be present and that 
could be potential THM precursors would be removed by RO. These compounds would 
not be entirely removed, however, since only about 45% of the total blended flow would 
be treated through the RO process. All basic parameters of the RO treated water would 
be well below their respective MCL’s. Table 8-1 delineates some of the expected 
permeate values. 
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TABLE 8-1 
RO PERMEATE CONCENTRATIONS (mg/l) 

NA - Not Applicable 

An additional benefit of the RO process is the removal of microscopic particulates to 
non-detectable levels. This includes particulates down to the macro molecular range, 
which is much less than the size of microorganisms of concern. Table 8-2 illustrates this 
point. 

TABLE 8-2 
SIZE COMPARISON 

RO retainage 

t 

Viruses 0.02 - 0.03 pm 

Based on the above discussion, the RO alternative should provide the best quality water. 
Although, all of the alternatives considered would provide acceptable finished water 
quality. 
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A. ECONOMICS 

The economic analysis of each of the alternatives investigated is shown below. Each major 
alternative has been estimated for capital and annual operating costs. These costs were then 
utilized to project an annual present value of revenue required to meet these costs. As outlined 
in the design criteria, previously in this report the period of nitrate treatment operation is 
assumed to be 90 days over a three year period. Therefore, for cost analyses purposes, this 
90- day period was normalized to 30 days per year. Each of the cost estimates presented 
includes a 20 percent contingency factor. Also, each of the alternatives contains water 
treatment plant improvements that CTE evaluated and recommended to meet upcoming 
regulations. They include slurry carbon system, filter improvements, constructing new river 
intakes, and upgrading the SCADA system. 

1. Side Channel Storage 

TABLE 8-3 
SIDE CHANNEL STORAGE AT CANYON LAKE SITE 

ESTIMATED CAPITAL COSTS 

DESCRIPTION 
Transmission Main 

1 QUANTITY 1 m 1 UNIT COST 1 TOTAL COST 
24,000 LF $70 $1,680,000 

20% Contingency 

Total Construction Cost 

Other Project Costs 

Total Project Cost 

/*Assumes the use of HDPE Transmission Main 

$3,372,290 

$12,936,290 

‘CTE has recommended that CIWC move forward with water treatment plant improvements to 
ensure compliance with water quality regulations that include carbon slurry system, filter 
improvements, new river intakes and upgrading of the SCADA system. 
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TABLE 8-4 
SIDE CHANNEL STORAGE AT CANYON LAKE SITE 

ESTIMATED OPERATING COSTS 

e 
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l 
TiELE S-5 

SIDE CHANNEL STORAGE AT CANYON LAKE SITE 

PRESENTVALUE OF REVENUE REQUIRED 

A 6 C D E F G H I J K P.V of 

Year- End Undepreciated Pretax Dollar Rate Total Depreciation PPIperty Total Capital Total RWenUe 
TOtal Undepr. Capital Rate of of Return O&M (Excluding Land) Tax??5 Return Rev. Req'mt Requirement 

$302.407 / $234.533 I $2.530.473 / $2:579,646 1 $1.76y33 I 

6251 $10.819.439 1 17.00% $1,839.305 1 $53,732 I $302,407 1 $216.389 1 $2,358,101 1 $1.237.652 / 

6501 $8,702.589 / $1.479.440 / $66.084 $302,407 $174.052 $1.955.899 $2.021.983 $532,451 

15 I $12.936.290 I 0.6251 $8.400.161 1 17.00% $1.428.031 / $68,067 $302,407 $168.004 $1,898.442 $1.966,508 $470.766 

09 $302,407 $161,955 $1840.984 $1.911.093 $415,909 

25 $12.936.290 I 0.3751 $5,376,109 ( 17.00%1 $913,938 / $91,476 / $302,407 1 $107,522 
1 1 

1 $1.323.868 j $1,415.344 1 $130,631 1 

26 $12.936.290 0. 3501 SO73,702 / 17.00% $862,529 1 $94,220 / $302.407 $101,474 $1.266.411 $1,360,631 $114,164 

$811.120 / $97,047 / $302.407 $95,426 $1.208.953 $1,306,000 $99,619 

56 I $302,407 $89.378 $1.151,496 $1.251,454 $86.780 

27 $12.936.290 0.325 $4.771.294 17~00% 

28 $12.936.290 0.300 $4,468.887 17.00% $759.711 $99.9 
29 $12.936.290 0.275 Wl66.480 17.00% $706,302 $102,957 $302,407 $83,330 $1.094.038 $1,196,995 $75,456 

30 $12,936.290 0.250 $3.864.073 17.00% $656.892 $106,045 $302,407 $77.281 $1.036.581 $1.142.626 $65.462 

TOTAI .-...-, ( CT, G"d ?"d * _,,_ _ ,,__, 

0,4751 $6.585.738 1 17.00%/ $1.119,575 1 $81.275 / $302.407 1 $131,715 1 $1.553.697 1 W634.972~1 $220,935 1 



2. Groundwater 

TABLE 8-6 
GROUNDWATER ALTERNATIVE 

ESTIMATED, CAPITAL COSTS 

DESCRIPTION 1 QUANTITY 1 m ) UNIT COST 1 TOTAL COST 
*20” Pipeline 79,200 LF $65 $5,148.000 

Wells, including pumps, shafts, 
structures, and access @ 1 mgd each 

4 EA $200,000 $800,000 

Land Acquisition and Easements 1 LS $300,000 $300,000 

Legal Costs 1 LS $500,000 $500,000 

Other Water Treatment Plant 
Improvements’ 
Sub-Total 

1 LS $1,040,000 $1,040,000 

$7,788,000 

20% Contingency $1,557,600 

Total Construction Cost $9,345,600 

Other Project Costs $3,317,690 

Total Project Cost $12,663,290 

*Assumes the use of HDPE transmission main I 

CTE has recommended that CIWC move forward with water treatment plant improvements to 
ensure compliance with water quality regulations that include carbon slurry system, filter 
improvements, new river intakes and upgrading of the SCADA system. 

TABLE 8-7 
GROUNDWATER ALTERNATIVE 
ESTIMATED OPERATING COSTS 



TPlSLE 8-8 

GROUNDWATER ALTERNATIVE 

PRESENTVALUE OF REVENUE REQUIRED 

‘An annual inflation rate of 3% has been applied to the total O8M expenses 
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3. Ion Exchange 

TABLE 8-9 
ION EXCHANGE CO-CURRENT ALTERNATIVE 

ESTIMATED CAPITAL COSTS 

Ion Exchange Equipment 
1 wANTITY 1 m 1 UNIT COST TOTAL COST 

1 LS $815,000 $815,000 

New River Intake 

ensure compliance with water quality regulations that include carbon slurry system, filter 
improvements, new river intakes and upgrading of the SCADA system. 



* 

TABLE 8-10 
ION EXCHANGE CO-CURRENT ALTERNATIVE 

ESTIMATED OPERATING COSTS 

l 
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TABLE 8-11 

ION EXCHANGE CO-CURRENT ALTERNATIVE 

PRESENT VALUE OF REVENUE REWIRED 

I I I I I I I I I ITOTAL: / $11,529,291 1 



l 
TABLE 8-12 

ION EXCHANGE COUNTER-CURRENT ALTERNATIVE 
ESTIMATED CAPITAL COSTS 

‘CTE has recommended that CIWC move forward with water treatment plant improvements to 
ensure compliance with water quality regulations that include carbon slurry system, filter 
improvements, new river intakes and upgrading of the SCADA system. 
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TABLE 8-l 3 
ION EXCHANGE COUNTER-CURRENT ALTERNATIVE 

ESTIMATED OPERATING COSTS 

ulfate Wastewater Charge 
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TABLE 8-14 
ION EXCHANGE COUNTER-CURRENT ALTERNATIVE 

PRESENT VALUE OF REVENUE REQUIRED 

14 $6.379.790 1 0.6451 $3,700,278 / WOO%/ $629,047 1 $146.853 1 $191.394 / $74.006 / $894:447 / $1.041.300 j $274.207 

15 / $6379.790 1 0.6201 $3,508.885 / 17.00%/ $596,510 / $151,259 1 $191.394 / $70.178 / $858,082 / $1.009,341 1 $241.628 



TABLE 8-I 5 
ION EXCHANGE CONTINUOUS CONTACTOR ALTERNATIVE 

ESTIMATED CAPITAL COSTS 

DESCRIPTION 1 QUANTITY 1 m 1 UNIT COST 1 TOTAL COST ’ 
Ion Exchange Equipment 1 LS $1,880,000 $1,880,000 

Ion Exchange Facilities 
I I I I 

1 LS $1,142,000 $1,142,000 

BooiFer Pump Station 

/Plant Piping 

1 LS $128,000 $128,000 

1 LS $194,000 $194,000 

Waste Water Disposal to San. Sewer 

/Sanitary Sewer Improvements 

1 LS $125,000 $125,000 

1 LS $100,000 $100,000 

Slurry Carbon System’ 

Filter Improvements’ 

New River Intake’ 

1 LS $339,000 $339,000 

1 LS $77,000 $77,000 

1 LS $324,000 $324,000 

Upgrading SCADA System’ 

Sub-Total 

20% Contingency 

Total Construction Cost 

Other Project Costs 

Total Project Cost 

, I I I 
1 LS $300,000 $300,000 

$4,609,000 

$921,800 

$5,530,800 

$ 2,263,990 

$7,894,790 

‘CTE has recommended that CIWC move forward with water treatment plant improvements to 
ensure compliance with water quality regulations that include carbon slurry system, filter 
improvements, new river intakes and upgrading of the SCADA system. 



TABLE%16 
ION EXCHANGE CONTINUOUS CONTACTOR ALTERNATIVE 

ESTIMATED OPERATING COSTS 

I Salt Cost 

r Total 

TOTALNR 
78.7 MG 

196,800 lb 

0.315 MG 

26,200 lb 

- 

COSffiR 
$1310 

$6890 __ 

$17,610 

$15,020 

$3910 

$44,740 
SAY $45,000 a 



T*aLE 8-17 _~ 
ION EXCHANGE CONTINUOUS CONTACTOR ALTERNATIVE 

PRESENT VALUE OF REVENUE REQUIRED 

TOTAL: 513.033.923 

‘A” annLla, inflation rate Of 3% has been applied to the tota, O&M expense 8~17 



4. Reverse Osmosis 

II 

TABLE 8-18 
REVERSE OSMOSIS ALTERNATIVE 

ESTIMATED CAPlT&L COSTS 

DESCRIPTION 1 QUANTITY [ UNI’TS 1 UNIT COST 1 TOTAL’COST 

Osmosis Eauioment and I 1 I LS I $2.925.000 I $2.925.000 
Facilities 
Plant Piping 1 LS $200,000 $200,000 

I / I I 

Waste Water Disposal to San. Sewer 1 LS $125,000 $125,000 

Sanitary Sewer Improvements 

Other Water Treatment Plant 
Improvements’ 

1 
1 LS $100,000 $100,000 

1 LS $1,040,000 $1,040,000 

Sub-Total 
I I I I 

$4,390,000 

20% Contingency $878,000 

I Total Construction Cost $5,268,000 

Other Project Costs $2,298,290 

Total Project Cost $7,566,290 

1CTEhasecommended that CIWC move forward with water treatment plant improvements to 
ensure compliance with water quality regulations that include carbon slurry system, filter 
improvements, new river intakes and upgrading of the SCADA system. 
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DESCRIPTION 
Chemical pre- & post- treatment 

TOTALNR 

Energy 

IMembrane Replacement 

Wastewater Sulfate Charge 

Total 

31,590 lb 

COSTNR 
$6000 

$6000 

$47,000 

$355,000 

$20,000 

$434,000 



i 
TABLE S-20 

REVERSE OSMOSIS ALTERNATIVE 

PRESENT VALUE OF REVENUE REQUIRED 



0 

0 

TABLE 8-21 
COMPARISON OF ALTERNATIVES 

TREATMENT MAINTENANCE OF REVENUE 
ALTERNATIVE COST ESTIMATE REQUIREMENT 

(Counter-Current) 

Ion Exchange 
(Continuous Contactor) 

Reverse Osmosis 
I I 

$7,566,290 1 $434,000 ’ $17,298,741 

As Table 8-21 shows, the groundwater and side channel storage alternative require more initial 
capital expenditure, while the ion exchange and reverse osmosis alternatives require greater 
long term operation and maintenance expenses. Considering the groundwater alternative, the 
overall cost will potentially increase depending on the required location of the wells. This would 
in turn, affect the cost of land and pipeline. In addition, the success of this alternative is 
dependent upon the assumption that there is enough groundwater available to meet the 
required demands and that the water quality is sufficient. Table 8-21 also indicates that in the 
long term, ion exchange is the most cost effective option. 
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CHAPTER 9 

RECOMMENDATIONS 

Based on all of the alternatives originally considered for this project, four were determined to 
provide feasible solutions. They included groundwater blending, ion exchange treatment of the 
existing water source, reverse osmosis treatment of the existing water source, and side channel 
storage for blending purposes. These alternatives were further developed and preliminary 
sizing and design was completed in order to generate estimated project capital and operational 
costs, as well as develop other issues such as finished water quality, waste generation, impact 
on current operations, ease of operation, etc. Based on the present value of revenue 
requirement costs developed in the preceding chapter, we recommend the counter-current ion 
exchange alternative for treatment of the high nitrate occurrences. We also recommend that 
CIWC investigate the possibility of obtaining a new or modifying an existing NPDES permit to 
discharge the ion exchange waste to a receiving stream. This will reduce both the capital and 
operating costs, as the tables now reflect the cost to discharge the waste to the Sanitary District. 
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